Mechanism of site-specific DNA damage induced by methylhydrazines in the presence of copper(II) or manganese(III).
DNA damage induced by methylhydrazines (monomethylhydrazine, 1,1-dimethylhydrazine, and 1,2-dimethylhydrazine) in the presence of metal ions was investigated by a DNA sequencing technique. 1,2-Dimethylhydrazine plus Mn(III) caused DNA cleavage at every nucleotide without marked site specificity. ESR-spin-trapping experiments showed that the hydroxyl free radical (.OH) is generated during the Mn(III)-catalyzed autoxidation of 1,2-dimethylhydrazine. DNA damage and .OH generation were inhibited by .OH scavengers and superoxide dismutase, but not by catalase. The results suggest that 1,2-dimethylhydrazine plus Mn(III) generates .OH, not via H2O2, and that .OH causes DNA damage. In the presence of Cu(II), DNA cleavage was caused by the three methylhydrazines frequently at thymine residues, especially of the GTC sequence. The order of Cu(II)-mediated DNA damage (1,2-dimethylhydrazine greater than monomethylhydrazine approximately 1,1-dimethylhydrazine) was not correlated with the order of methyl free radical (.CH3) generation during Cu(II)-catalyzed autoxidation (monomethylhydrazine greater than 1,1-dimethylhydrazine much greater than 1,2-dimethylhydrazine). Catalase and bathocuproine, a Cu(I)-specific chelating agent, inhibited DNA damage while catalase did not inhibit the .CH3 generation. The order of DNA damage was correlated with the order of ratio of H2O2 production to O2 consumption observed during Cu(II)-catalyzed autoxidation of methylhydrazines. These results suggest that the Cu(I)-peroxide complex rather than the .CH3 plays a more important role in methylhydrazine plus Cu(II)-induced DNA damage.